Abstract: An analysis of the structural parameters of PtM, Pt 2 M, PtM 2 and PtMM′ (M = non-transition metals) derivatives shows that each complex contains two crystallographically independent molecules within the same crystal. The respective molecules differ by the degrees of distortion and exemplify the distortion isomerism. These are discussed in terms of the coordination with the platinum and the M atoms and the correlations are drawn among the metal atoms, donor atoms, bond lengths and bond angles. A wide variety of non-transition metals (Sn, Ga, In, Tl, Zn, Cd, Hg, Sb) exist, among which the most prevalent is Sn.
Introduction
Systematic studies on the stereoselectivity of coordination compounds have gained increasing interest over the last 50 years. The stereoselectivity in coordination compounds is very often related to the important stereospecifity of biological systems, catalysis and stereochemical effects in the technical processes. The isomers can be broadly classified into two major categories, namely, structural and stereoisomers. Stereosisomers, which dominate the chemistry of platinum complexes, can be divided into geometric (cistrans, fac-mer), optical, ligand and distortion isomerism. A structural analysis of over 200 isomers of mononuclear platinum coordination compounds (Melník and Holloway, 2006) has identified the presence of distortion (65%), cistrans (30%), mixed isomers and ligand isomerism. The stereoisomers of almost 50 platinum di-and oligomeric coordination complexes have been summarized in a previous (Melník and Mikuš, 2015a) , including the distortion (87%) and cis-trans (13%) isomers. The analysis and classification of over 100 isomers of organoplatinum complexes indicate only two types of stereoisomers: distortion (96%) and cis-trans (4%) isomers (Melník and Mikuš, 2015b) . In this brief review, we discuss and classify the structural parameters of heterobi-(PtM) and heterotrinuclearPt 2 M, PtM 2 , PtMM′ (M = non-transition metal) isomers. The aims of this presentation are to discuss the factors that could lead to a better understanding of the stereochemical interaction within the coordination spheres of platinum and non-transition metal as well as to examine other cooperative effects between isomeric types.
Distortion isomerism
There are 12 examples of such isomers, for which structural data are available. Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in the parenthesis is the e.s.d. and the second is the maximum deviation from the mean. The chemical identity of the coordinated atom or ligand is specified in these columns.
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The four-membered metallocyclic ring. (Farkas et al., 1996) are isostructural. In each pair of fragment Pt(η 2 -P 2 L)(X) (X = Cl or I) and SnCl 3 are connected by the Pt-Sn bonds with the values of (molecule 1 vs. molecule 2) of 2.532(2) vs. 2.572(2) Å when X = Cl and 2.611(1) vs. 2.615(1) Å when X = I. Each Pt(II) atom has a square-planar geometry (PtP 2 XSn) with a different degree of distortion (Table 1) . Each Sn(II) atom is tetrahedrally coordinated (SnCl 3 Pt).
The structure of a colorless monoclinic [(NC) 2 Pt II (μ-η 2 :η 6 -crownP 2 )Tl′] + (Balch and Rowley, 1990 ) is shown in Figure 1 . The crown P 2 ligand serves as the bridge via two P donor atoms coordinated to the Pt(II) atom and via four O and two N atoms to the Tl(II) atom. The respective Pt-Tl bond distances are 2.911(2) Å (molecule 1) and 2.958(1) Å (molecule 2). The inner coordinated spheres around the central atoms are PtC 2 P 2 and TlO 4 N 2 , respectively ( Table 1 (Levy et al., 1996) contains well separated binuclear and mononuclear units. Each binuclear unit contains two crystallographically independent molecules. The Pt-Sn bond distances in the heterobinuclear molecules are 2.547(5) and 2.507(4) Å, respectively.
An inspection of the data reveals that, in each complex, the molecules differ from each other depending on the M-L and Pt-M bond distances as well as on the L-M-L bond angles that are typical for distortion isomers.
Heterotrinuclear Pt 2 M, PtM 2 and PtMM′ complexes
There are eight examples containing two crystallographically independent molecules. Their structural parameters are summarized in Table 2 .
Pt 2 M type
The Orange triclinic [{(Cl)(μ-η 2 -dppm)Pt} 2 Hg(Cl) 2 ] (Sharp, 1986) contains an ideal Pt-Hg-Pt triangle with the values of 60.78(2)° (molecule 1) and 59.96(2)° (molecule 2). The Pt-Pt and the mean Pt-Hg bond distances are 2.736(1) and 2.704 Å (molecule 1) and 2.711(1) and 2.712(1) Å (molecule 2), respectively (Table 2A ). The homobidentate -P,P′-dppm ligand serves as a bridge between the Pt atoms with the mean values of P-Pt-P bond angles of 174.3(1) and 175.2°, respectively. The chlorine atoms complete an inner coordination sphere around the metal atoms (PtP 2 ClHgPt and HgCl 2 Pt 2 ).
The structure of the orange triclinic [(NC) 2 (μ-η 2 -dppm) 2 (μ-I)Pt 2 Hg(I)] (Toronto and Balch, 1994 ) is shown in Figure 2 . The metal atoms form a Pt-Hg-Pt triangle with the mean values of 62.6°, which is somewhat larger than those of Pt-Pt-Hg with the mean values of 58.7°. The Pt-Pt bond distances of 2.819(2) Å (molecule 1) and 2.823(2) Å (molecule 2) are bridges with an iodine atom as well as a homobidentate -P,P′-dppm ligand. The inner coordination spheres around the metal atom are PtP 2 CIHgPt′ and HgIPt 2 (Table 2A) .
The two remaining yellow triclinic [(PPh 3 ) 4 Pt 2 (μ 3 -S) 2 M II (η 2 -bpy)(Cl)]PF 6 (M = Zn or Cd) are isostructural (Li et al., 2000) . These complexes contain a Pt(μ 3 -S) 2 M central core as an S-bicapped MPt 2 triangle with negligible metalmetal interactions. Each Pt(II) atom has a square-planar geometry with varying degrees of distortion (PtS 2 P 2 ) and each M(II) is five-coordinated (MN 2 S 2 Cl) (Table 2A) .
PtM 2 type
There are three complexes of such type, and each contains two crystallographically independent molecules within the same crystal (Table 2B) (Weiss et al., 2000) is shown in Figure 3 . The metal atoms form an asymmetric triangular core with two Pt-Ga bond distances of 2.317(2) and 2.327(2) Å in molecule 1 and 2.327(2) and 2.336(1) Å in molecule 2. The Ga···Ga separations are 3.558 and 3.502 Å, respectively. The homobidentate -P,P donor ligand (dcpe) Ga 2.322(2,5) Ga 3.558 Ga 2.331(2,4) Ga 3.502 P,P 90.63 (6) d Ga,Ga100.02 (7) not given P,P 90.38 (7) is coordinated to the Pt atom and η
5
-cp * to the Ga atom (Table 2B) .
In another yellow monoclinic PtSb 2 derivative (Wendt et al., 1998 ) the metal atoms also form an asymmetric triangular core with two Pt-Sb bond distances of 2.490(1) and 2.510(1) Å in molecule 1 and 2.497(1) and 2.513(1) Å in molecule 2, respectively. The values of Sb···Sb separations are 3.78(1) Å and 3.82(1) Å, respectively. Two chlorine atoms complete a square-planar arrangement around the Pt atom (PtCl 2 Sb 2 ), and three molecules of Ph 3 complete a tetrahedral environment around the Sb atom (SbC 3 Pt). ) is the only example of PtMM′, which contains two crystallographically independent molecules (Table 1 ). The structure of this complex cation is shown in Figure 4 . As can be seen, the mercury (14) C,Hg 84(2) 176.4(1) Schuh et al., 2001 a Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parenthesis is the e.s.d. and the second is the maximum deviation from the mean. The chemical identity of the coordinated atom or ligand is specified in these columns. atom has an almost linear coordination Pt-Hg-Mn with the values (molecule 1 and molecule 2) of 176.1(1) and 178.9(1)°, respectively. The Hg-Pt and Hg-Mn bond distances are 2.590(2) and 2.618(4) Å in one molecule and 2.605(2) and 2.647(5) Å in another molecule, respectively.
PtMM′ type
Complex (color) Crys.cl Sp.Gr.Z a [Ǻ] b [Ǻ] c [Ǻ] α [°] β [°] γ [°] Chromophore M-L [Ǻ] M-M [Å] M-L-M [Å] L-M-L [°]
Conclusions
An analysis of the structural parameters of heterobi-(PtM) and heterotri-(Pt 2 M, PtM 2 , PtMM′) nuclear complexes, in which M are non-transition metals show that these complexes contain two crystallographically independent molecules within the same crystal. These molecules differ mostly by the degree of distortion and exemplify the distortion isomerism. In the heterobinuclear PtSn complexes, the respective fragments are connected only via the Pt-Sn bonds (Table 1) . The PtTl complex (NCl 2 Pt) units with Tl atoms are held together via the octadentate crown P 2 ligand, which coordinate via two P atoms to the Pt atom and via four O atoms and two N atoms to the Tl atom. As can be seen (Table 1) in each complex, the respective molecules differ from each other depending on the bond distances and bond angles in the inner coordination spheres.
The heterotrinuclear complexes can be divided into the three sub-groups, Pt 2 M (4 examples), PtM 2 (3 examples) and PtMM′ (1 example). In the two Pt 2 Hg derivatives (Sharp, 1986; Toronto and Balch, 1994 ) the three metal atoms form almost regular triangles with the following Pt-Pt and Pt-Hg (mean) bond distances (molecule 1 vs. molecule 2): 2.736(1) and 2.704 Å vs. 2.711(1) and 2.712 Å (Sharp, 1986) ; 2.819(2) and 2.712 Å vs. 2.823(2) and 2.713 Å (Toronto and Balch, 1994) .
The structures of the two remaining Pt 2 M complexes (M = Zn or Cd) (Li et al., 2000) are isostructural with the Pt···Pt and Pt···M (mean) separations (molecule 1 vs. molecule 2): 3.252(2) and 3.205 Å vs. 3.249(2) and 3.202 Å (for M = Zn); and 3.274(3) and 3.270 Å vs. 3.257(3) and 3.270 Å (for M = Cd).
In the PtM 2 type derivatives, the metal atoms form an asymmetric triangular core. The mean M-M bond distances as well as the Pt···M separation elongated with the M radius in the following order: 2.316 and 3.530 Å (Ga, 1.35 Å) < 2.502 and 3.80 Å (Sb, 1.59 Å) < 2.600 and 3.916 Å (In, 1.67 Å).
In PtMM′ derivative, the 'central' mercury atom is almost linearly coordinated (Pt-Hg-Mn) with the values of the respective angles of 176.1 Å (molecule 1) and 178.9° (molecule 2). The Pt-Hg and Hg-Mn bond distances (molecule 1 vs. molecule 2) are 2.590(2) and 2.618(9) Å vs. 2.605(2) and 2.647(5) Å, respectively.
Notably, despite the importance of the cis-trans geometry in the chemistry of platinum compared with other transition metal systems, within platinum chemistry (coordination, organoplatinum, heterometallic) distortion isomerization is far more common.
